Insomnia is a very widespread condition: between 30 and 50% of adults experience occasional sleep difficulties, and 6 to 13 % meet the diagnostic criteria for an insomnia disorder [1] [2] [3] . The (5 th ed.; DSM-5) 4 defines insomnia as a predominant complaint of dissatisfaction with sleep quantity or quality, along with difficulty initiating or maintaining sleep, which causes clinically significant distress or impairment in important areas of functioning (i.e., social, occupational, behavioral, etc.). Although primarily defined as a sleep disorder, repercussions of insomnia extend beyond the sleep period to impact the individuals' daytime lives. While an accurate understanding of the nature and mechanisms of these daytime symptoms is necessary to improve interventions, the daytime counterpart of insomnia has received relatively little scientific attention compared to its nighttime manifestations.
Diagnostic and Statistical Manual of Mental Disorders
A number of studies have documented increased levels of fatigue, anxiety or mood disturbances in individuals with insomnia compared to normal sleepers, although these symptoms usually remain in the sub-clinical range. Complaints of cognitive impairment are also often encountered in clinical practice and have been documented in a few studies [5] [6] [7] , but scientific investigation has not succeeded in providing an unequivocal account of the objective impairments underlying these complaints. A number of studies have compared the performance of individuals with insomnia and normal sleepers on neuropsychological tests [7] [8] [9] .
Results of these studies have generated confusing findings: only one in four comparisons produced statistically significant differences between individuals with insomnia and normal sleepers, and the specific differences that are found are inconsistent across studies.
Accordingly, most available reviews have concluded that there was no clear evidence of cognitive impairment in individuals with insomnia [7] [8] [9] . However, the conclusions of many of these studies are limited by the relatively small and, in some cases, poorly characterized samples, the potential impact of confounding variables (e.g., age, education, comorbidity, hypnotic use, etc.) and the use of cognitive tasks of questionable sensitivity for detecting milder impairments (e.g., line judging or tracing, speed in a card sorting task, immediate recognition tasks, cancellation tasks, etc.). In this context, definite conclusions regarding cognitive performance in individuals with insomnia still appear premature. Incidentally, a meta-analysis of available studies identified reliable differences of mild to moderate magnitude between individuals with insomnia and normal sleepers in a few cognitive domains, including working memory, episodic memory and problem solving 10 . These findings are paralleled by recent functional magnetic resonance imaging studies, which suggest that individuals with insomnia exhibit decreased activation of the frontoparietal cortex during a working memory task 11 , and decreased recruitment of the head of the left caudate nucleus in individuals with insomnia during a problem solving task 12 , even when performance on these tasks is unaltered. A similar hypoactivation of prefrontal regions was also found during a verbal fluency task 13 . Still, additional, well controlled studies are required to further document the nature and magnitude of differences in cognitive performance between individuals with insomnia and controls.
One hypothesis which could account for inconsistent results across studies is the existence of individual differences regarding the cognitive impact of insomnia. Studies have shown trait-like individual differences in the vulnerability to the cognitive effects of sleep deprivation 14 . Different patterns of associations between sleep and fatigue have also been documented among individuals with insomnia 15 . Interestingly, the few available epidemiological accounts of cognitive complaints among individuals with insomnia suggest that as much as 50% do not report impaired memory or concentration 5 . Recent studies also suggest different patterns of cognitive performance among individuals with insomnia presenting different symptom profiles (e.g., with or without objective short sleep duration 16 , with or without hyperarousal 17 ). Considering individuals with insomnia as a homogeneous sample with regard to daytime symptoms or cognitive performance may consequently be misleading and contribute to mask existing deficits for a subgroup of individuals.
The inconsistent evidence for statistically significant differences between individuals with insomnia and normal sleepers, together with the small to moderate magnitude of these differences, also raises questions regarding their clinical significance or practical impact in everyday functioning. One commonly used strategy to document clinical significance is to compare performance to normative values in order to identify individuals whose performances
significantly depart from what would be expected. Among existing studies, those that used tests for which normative data were available have usually reported that averaged standardized scores for insomnia groups remained within the normal range 18 . However, this does not exclude the possibility that some participants within the group could exhibit abnormal performance on selected variables. A meaningful impact of otherwise small differences in strategic aspects of cognitive performance could give rise to cognitive complaints in a subgroup of individuals, and contribute to the apparent discrepancy between objective and subjective findings.
If cognitive impairment is clinically significant in individuals with insomnia, or in a subgroup of individuals with insomnia, then treatment should also aim at improving this area of functioning. This would require an improved understanding of the underlying mechanisms of these impairments. There are numerous factors which could impact performance in individuals with insomnia. The detrimental effect of insufficient sleep on performance in basic attention tasks is well established, although controversies remain regarding its impacts on higher level cognitive functions such as memory and executive functions 19 . Alterations in sleep microstructure, which are suspected in individuals with insomnia 20 , may also influence cognitive performance. Recent findings suggest that experimental manipulation of sleep microstructure (i. e., reduced slow frequencies (<1Hz) and increased alpha frequencies (8-12 Hz)) hampers memory performance in healthy elderly individuals without sleep problems 21 . In addition to potential contributions of altered sleep, factors such as increased depressive symptoms, fatigue, anxiety, arousal and sleepiness have also been associated with decreased cognitive performance in healthy individuals [22] [23] [24] [25] [26] , and could be at play in individuals with insomnia as well. Among the studies investigating correlates of cognitive performance in individuals with insomnia, a few suggest associations between cognitive performance and sleep continuity 27, 28 or sleep microstructure 29 , but investigations of relations between cognitive symptoms and other daytime symptoms remain scarce, and further investigation appears necessary.
In sum, individuals with insomnia present cognitive complaints that are not very well understood. Previous findings suggest mild to moderate deficits in a limited number of areas of cognitive functioning, but individual differences may exist among the heterogeneous group of insomnia sufferers. The clinical significance of these impairments and their correlates remain poorly documented. A better understanding of these symptoms and their mechanisms is likely to lead to improved knowledge of the impacts of insomnia on the brain, and to improved intervention strategies more closely suited to the wide range of symptoms reported by individuals with insomnia.
Study Aims
The aims of this study were: 1) to further investigate the nature of cognitive impairment in individuals with insomnia, 2) to gather some information regarding the clinical significance of these impairments, 3) to examine the association between cognitive impairments, different measures of sleep and other daytime symptoms and 4) to explore cognitive impairments in individuals with insomnia with and without cognitive complaints. scale was the total score on these 7 items, with higher scores suggesting more severe insomnia.
Methods

This study was approved by the
An additional item investigating the perceived impact of insomnia on concentration and memory was also included and was used to categorize individuals with insomnia presenting cognitive complaints (i.e., those with a rating of 3 or 4) from those not presenting cognitive complaints (i.e., those with a score ranging from 0 to 2).
Measures of cognitive performance. Tests of cognitive performance were chosen to cover the cognitive domains for which impairments are suspected in individuals with insomnia, namely attention, working memory, episodic memory and executive functioning 10, 36 . These tests have also been selected because they either were sensitive to detect cognitive Verbal Fluency. The verbal fluency task from the D-KEFS 39 requires participants to name as many words corresponding to specific criteria as possible in a 60-second period. In the alphabetical condition, participants are asked to name words beginning with a given letter (3 trials: F, A, S). In the category condition, participants must name words belonging to a given semantic category (2 trials: animals, boy names). This task involves strategic access to information stored in semantic memory. Dependent variables selected for this task include the number of words generated in both conditions, as well as the ratios of set-loss (i.e., words that do not correspond to the required criteria for a given trial) and repetition errors (i.e., words repeated within a given trial) as a function of the total number of words generated. This task involves strategic access to information stored in semantic memory. 40 is a computerized task which assesses the ability to inhibit the response to a stimulus. Letters are successively presented on the computer screen and participants must press on the space bar as fast as possible, except when the letter is an "X", when the participant must do nothing. The entire test lasts 14 minutes. Dependent variables derived from the CPT-II are reaction time, number omission errors (i.e., not pressing on the bar when the stimulus is not an X), commission errors (i.e., pressing on the bar when the stimulus is an X), and perseveration errors (i.e., hits with a reaction time below 100 milliseconds), the detectability index (i.e., an index of the ability to detect targets from non-targets) and the hit rate block chance (i.e., change in reaction time with time-on-task). This task assesses sustained attention as well as executive control of attention.
Continuous Performance Test-II (CPT-II). The Conners' CPT-II
California Verbal Learning Task -II (CLVT-II).
In this task, a list of 16 words (list A) belonging to 4 broad categories is read 5 times to participants, and each trial is followed by a free immediate recall 41 . An interference list (list B) is then read one time, followed by a free immediate recall. The participant must then recall list A: a free recall is completed, followed by a cued recall using the names of the 4 categories of items in the list. After a 20-minute delay, participants must again proceed to a free recall of list A, followed by a cued recall. A recognition trial follows. Dependent variables selected include the total number of words recalled on trials 1 and 5, the total number of words recalled on delayed free recall, as well as errors of intrusion (i.e., recall of words that did not belong to the learning list) and repetition (i.e., words repeated within a given recall trial). This task provides an assessment of encoding, retrieval and storage in episodic verbal memory. Sleep diary cognitive variables. Additional items were added to sleep diaries to assess daytime cognitive function. Every evening, participants had to rate the perceived frequency of difficulty with attention/concentration, memory and planning/organization (1= never, 5= very often). Given very high correlations between those three items (0.73 < r < 0.89, p < 0.001), the dependent variable for this measure was the sum of all three items.
Measures
Measures of other daytime symptoms. Dysfunctional Beliefs and Attitudes about Sleep (DBAS).
The DBAS is a 30-item questionnaire which assesses different types of unhelpful cognitions associated with sleep or insomnia (i.e., beliefs, attitudes, expectations, attributions, etc.). A higher score indicates a higher level of unhelpful cognitions.
Beck Depression Inventory -II (BDI-II).
The BDI-II 45 was used to assess the severity of depressive symptoms. A higher score indicates a higher severity of depressive symptoms. 
State Trait Anxiety Inventory (STAI
Statistical analyses
Data were examined using standard procedure to establish normality and investigate outliers and missing data 51 . Missing data were not imputed. The alpha level was set at 5% for all analyses. Analyses were conducted using IBM SPSS 20.
Comparison of INS and CTL groups.
Group comparisons on demographic, clinical, sleep, power spectral analyses and daytime symptoms variables were conducted using Chi-square tests (for categorical variables) and independent samples t-tests (for continuous variables). For each cognitive test, dependent variables were converted to normalized z-scores using the Correlates of cognitive impairments. Bivariate correlations were computed between cognitive performance variables for which differences between INS and CTL groups were statistically significant (i. e., CPT-II detectability, CPT-II perseverations, CVLT-II intrusions), sleep variables (derived from sleep diaries, PSG and spectral analyses) and daytime symptoms variables. A preliminary examination of correlation matrices was conducted to identify variables potentially associated with cognitive impairments (i. e., correlations for which p ≤ 0.10). These variables were then entered in linear regression analyses (one analysis for each variable) and unique predictors were identified using a backward elimination procedure. Given the well documented trade-off between speed and accuracy on the CPT-II 40 , hit rate was also entered as a predictor for regression analyses on CPT-II variables. Group differences in predictors were verified by testing interactions terms.
Results
Sample Description
Means, standard deviations and between-group comparisons for demographic and clinical variables are presented in Groups did not differ on the frequency of impaired performance for CPT-II detectability. 
Comparison of INS-C, INS-NC and CTL groups
Correlates of cognitive impairments
Stepdown regression analyses were conducted on normalized scores for CPT-II detectability and perseveration errors and CVLT-II intrusion errors. Results are reported in Table   5 . Habitual sleep duration on sleep diaries was positively associated with CPT-II detectability.
Habitual TWT was negatively associated with CVLT-II intrusion errors. PSG-defined sleep duration on night 3 was associated with CPT-II perseveration errors. Relative power for alpha frequencies was associated with CPT-II perseveration errors. DBAS scores were significantly related to CVLT-II intrusions errors, while APS scores were significantly associated with CPT-II perseveration errors. There were no significant interactions between group and predictor variables for any of the dependent variables examined in the regression procedure.
Discussion
This study examined the nature and clinical significance of cognitive impairment associated with insomnia. Individuals with insomnia had poorer overall performance compared to participants of the control group, and committed more errors in attention and episodic memory tasks. Mild clinically-significant cognitive impairments were more frequent among individuals with insomnia. Those who specifically complained about the impact of insomnia on their cognitive performance appeared more impaired than those who did not have cognitive complaints. Most cognitive impairments were associated with either objective or subjective sleep continuity variables, while some variables were also associated with relative power alpha frequencies, predisposition to hyperarousal and beliefs about sleep.
Findings of impaired performance in selective cognitive domains in individuals with insomnia are in agreement with prior accounts in the literature. The magnitude of significant differences between individuals with insomnia and controls on attention and memory variables was in the moderate to large range. Previous results have been inconsistent with regard to attention processes in individuals with insomnia, and varied depending on the nature of the task and dependent variable considered 10 , with more complex tasks usually being considered more sensitive to the effects of insomnia 52, 53 . In the current study, individuals with insomnia exhibited decreased detectability and increased perseveration errors on the CPT-II, but similar reaction time, time-on-task effect and rate of omission errors compared to normal sleepers.
These findings suggest that while they respond on average as quickly as normal sleepers, individuals with insomnia are unable to maintain a comparable level of accuracy. Increased perseveration errors (i. e., hits with a reaction time inferior to 100 milliseconds) are most commonly interpreted as anticipatory responses reflecting increased impulsivity or decreased inhibition, but they can also result from inattention or decreased motivation 40 . Previous studies have also generated conflicting findings regarding memory in individuals with insomnia 18, [54] [55] [56] [57] [58] [59] [60] , although a meta-analysis recently suggested reliable differences of moderate magnitude for memory variables across studies 10 . In the current study, individuals with insomnia recalled the same amount of information as controls, but generated more intrusion errors. This could reflect decreased response inhibition during recall 41 , which would be consistent with a recent report suggesting an increased vulnerability to interference in episodic memory in individuals with insomnia 61 . Overall, deficits in memory and attention performance both appear consistent with a mild dysfunction of cognitive inhibitory processes. Inhibitory processes are considered to be highly dependent on the integrity of the prefrontal cortex, for which previous studies suggest decreased activation during task completion in individuals with insomnia 11, 13 .
A secondary aim of this study was to gather information regarding the clinical significance of differences in performance between normal sleepers and individuals with insomnia. Clinical significance can be documented indirectly through indexes such as comparisons with normative data, subjective ratings and social impact measures 62 . In this study, averaged scores for individuals with insomnia remained in the normal range when compared with normative means, but insomnia was associated with an increased frequency of clinically significant mild deficits in attention and episodic memory domains. These findings suggest that, although they are of small magnitude, differences between groups involve impairments which would be considered clinically meaningful by current practice standards for a subgroup of participants with insomnia. As a group, individuals with insomnia were also more dissatisfied with their memory and reported more day-to-day cognitive difficulties compared to controls, which could be interpreted as evidence that cognitive difficulties were sufficient to be noticeable to participants in their everyday lives. Group differences in subjective ratings of performance in conjunction with absence of significant group differences on cognitive tests have previously led to the hypothesis that individuals with insomnia tend to overestimate their daytime cognitive deficits 18, 56, 63 . However, the relationship of neuropsychological test performance to everyday functioning is considered complex, as it is mediated by a large number of variables (e.g., availability and use of compensatory strategies, nature of daytime roles and occupations, mood, etc). Mild deficits on strategic aspects of cognitive functioning may be sufficient to impair day to day functioning in complex activities. This hypothesis is further supported by previous population-based studies suggesting that insomnia is associated with different adverse outcomes which could be related to cognitive impairments, such as decreased productivity and increased costly accidents and errors in the workplace 64, 65 .
Results further show that individuals with insomnia who reported more severe cognitive complaints perform significantly worse overall than both controls and insomniacs without cognitive complaints. Exploratory analyses suggest that specific cognitive profiles differ between the two insomnia subgroups. More specifically, individuals without cognitive complaints had a faster reaction time but poorer accuracy on the CPT-II compared to controls, while those with cognitive complaints did not differ on reaction time, but exhibited significantly more perseveration errors on the CPT-II, recalled a smaller number of items on Digit span backward and CVLT-II trial 1, and generated more intrusions on the CVLT-II and less words on categorical verbal fluency. These findings tend to support the hypothesis that individual differences exist regarding both cognitive complaints and performance in individuals with insomnia.. Consistent with the findings of the overall group comparisons, recent studies have also failed to find significant differences between individuals with insomnia and controls on measures of working memory, 11, 66 verbal fluency, 13, 63 or tower tasks 12 . These results appeared inconsistent with those of a previous meta-analysis, which suggested decreased performance in individuals with insomnia on working memory and problem solving tasks All three variables for which impaired performance was found were associated with some aspects of sleep disturbance. Interestingly, none of these variables was associated with anxiety, depressed mood, fatigue or sleepiness. Increased CPT-II Perseverations, which can be conceptualized as a measure of impulsivity, were associated with shorter sleep duration and increased relative alpha power on the night prior to cognitive testing, as well as to increased hyperarousal predisposition. This is consistent with recent evidence suggesting increased errors in an attention task in individuals with insomnia who also show evidence of hyperarousal 17 .
Decreased accuracy on the CPT-II and the CVLT-II were both associated with decreased habitual sleep continuity (i.e., sleep duration and total wake time, respectively), as assessed by sleep diaries completed at home over 14 consecutive nights. Associations between different aspects of cognitive performance and sleep continuity have been reported in previous studies 28, 67 .
Increased intrusions during recall were also associated with more unhelpful beliefs about sleep.
Theoretical models for insomnia predict that increased beliefs and vigilance toward the expected consequences of poor sleep can lead to real impairments in performance 68, 69 .
Although this could account for the relationship between memory performance and beliefs about sleep, it is also possible that individuals with insomnia who experience more difficulties with their memory become more prone to endorse beliefs regarding the negative impact of their poor sleep than those with milder memory impairments. Different patterns of correlations for different cognitive variables may also imply that distinct mechanisms are at play in altering different aspects of performance.
This study had a number of limitations, the most important of which is a relatively small sample size. For some variables, group differences of moderate magnitude were not sufficient to reach statistical significance, and it seems plausible that a larger sample would have allowed identification of additional areas of cognitive impairment. In order to decrease the influence of potential confounding factors, the sample included only adults without comorbid medical or psychological disorders, who did not use psychotropic medication on a regular basis. This may limit generalization to other groups of individuals with insomnia (e.g., elders, individuals with comorbid insomnia, etc.). It seems likely that the nature, practical impact and correlates of cognitive impairments would be different among other clinical groups with insomnia.
Generalizability could also be limited by the relatively high level of education in our sample. In fact, a recent study 70 carried with elders suggested that sleep onset or maintenance difficulties were associated with decreased cognitive performance only in individuals with a lower education (or smaller cognitive reserve).
Nonetheless, findings from this study suggest that at least a subgroup of individuals with insomnia experience significant cognitive impairments which are clinically significant and warrant clinical attention. Future studies may achieve better characterization of cognitive deficits associated with insomnia by selecting individuals who specifically complain about their cognitive functioning. 
